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We, United States Radium Cobpora 
TiON, organized and e^cisting- under liliu 
laws of tLe State of Delaware, United 
States of America, of 535, Pearl Street, 
5 New York, 7, State of IS'ew 
York, United States of America, 
Assignees of Clarence William Wall- 
HAxrsEN, Harry Harrison DooLEry and 
Clayton C. Carroll, all citizens of tho 
10 United States of America, respectively of 
19, Harding^ Terrace, Morristown, State 
of New Jersey, 34, Hill Street, Morris- 
town, State of New Jersey, and 37, Green- 
wood Avenue, Madison, State of New 
16 Jersey, United States of Amerioa), do 
iereby declare the nature of tliis inven- 
tion and in what manner tlie same is to be 
^performed, to be i>articidarly- describetl 
and ascertained in and by the following 
20 statement: — 

This invention relates to radioactive 
metal products, and is concerned especi- 
ally ( but not solely) with an improved 
radioactive metal product that emits 
alphai particles. Basically this product 
Ckomprises "a metallic core in which a 
radioactive substance is incorporated, 
and a sealing film over tilie core which 
prevents escape of g^tseous products of the 
30 radioactive disintegration process but 
which advantageously is thin enough to 
be penetrable by alpha particles emitted 
in this process. The invention further 
provides a. new method for making radio- 
35 active metal produats of this character, 
and a device based on the new radioactive 
metal prodnct for eliminating static 
charges. 

Various proposals have been mnde 
40 (heretofore for inoorporating ra-dioactive 
substances in metal produci». In parti- 
cular Qur aipplication for Patent 5862/47 
Serial No. 629,415) filed 28tli February, 
1947 describes a metal foil in which a 
45 radioactive substance is incorporated, and 
specifi call^ajietal foil capable of emit- 
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ting alpha particles and efficient in its 
use of the radioactive substance employed. 
Foils and extremely fine wires are especi- 
ally advantageous forms of metal pro- 
ducts which are intended to emit alpha 
particles, because the depth of penetra- 
tion in metals of alpha particles having 
the average energy with wihich they aire 
emitted by ordinary radioactive elements 55 
is very small. When the radioactive sub- 
stance is uniformly distributed through 
the body of the metal product, the thick- 
ness of the product should be no grea^ter 
than can be penetrated by an alpha gQ 
particle as emitted by tihe substance; 
otherwise alpha particles originating deep 
in the metal will not be able to reach the 
surface and be emitted from th^ metal. 
In consequence efficient use will not- be ^5 
made of that portion of the radioactive 
substance distributed deep in the metal. 

While thin foils and very fine wires are 
known to xK>sae38 the above-indicated 
advantage of being efficient in the use of 70 
radioactive substance when iihe foil or 
wire is primarily intended to emit alpha 
particles, the very thinness of the foil or 
wire which leads to this advtantnge con- 
tributes also to a substantial disadvan- 75 
tage. This disadvantage arises from the 
fact that in each of the wll-known 
niatural radioactive disintegration series, 
on© of the early disintegration x>Toducts 
is a radioactive gas. For example, radon, 
a ga«s, is tih.e first disintegTation product 
after radium in the tiraniiim-radium 
series :^ thoron (an isotope of radon) is the 
fifth disintegration product after thorium 
in the thorium series; and actinon 35 
(another isortope of radon) i^ the third 
disintegration product after actinium in 
the uranium-actinium series. These radio- 
active gases all have short lhalf-lives, but 
^hen they are produced by disintegration 90 
of their parent substance in very thin 
foils of extremely fine wire, at least a 
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small percentage of some of them can and 
does escape beyond the surface of the foil 
or wiie before disintegrating to the next 
product in the series. Escape of the radio- 
6 active gas is disadTantageons on two 
accoxints. First, the escaped gas is higihly 
X3oisonous and even very dilute concentra- 
tions are dangerous to human and animal 
life. Second, the escaped gas is no longer 

10 able to contribute, by its own disintegra- 
tion and the disintegration of its pro- 
ducts, to the radioactivity of the foil or 
xinre — ^the escaped gas thus represents a 
waste of radioactive energy which would 
15 not occur if the gas did not escape. The 
present invention contemplates the pro- 
vision of an improved radioactive pro- 
duct wihich retains the efficient alpha- 
parfticle-emitting characteristics of thin 

20 foils or films but avoids the foregoing dis- 
advantages of thin radioactive foils as 
heretofore used or proposed. 

In brief, the invention comprises the 
method of maldn^r a radioactive metal 

25 product which is substantially proof 
against leakage of radioactive gas which 
comprises uniformly admiring a finely 
divided meital and a finely divided radio- 
active alpha-particle-emitting' substance, 

30 pressing and sintering tilie resulting mix- 
ture into a compact, applying a sealing 
layer of metal substantially free o£ radio- 
active material to a surface of said com- 
pact, bonding a relatively thick metal 

36 backing member to the opposite surface 
of said compact, and rolling the resultinnf 
prodnct until the thickness of said seal- 
ing layer is no greater than can be pene- 
trated, by alpha particles^ having the 

40 maximum wiergy with which they are 
emitted by said radioactive substance. - 

The invention also comprises a radio- 
tietive product including a core contain- 
ing a radioactive sfubstance wthich emits 

45 alpha particles and emanaiea a* radio- 
active gas as a disintegration product, 
and a continuous thin sealing- film sub- 
stantiaUy free of radioactive material 
bonded to. a surf ace of said core, sa;id seal- 

50 ing .film being sufficiently thin to be per- 
meable to said alpha particles and suffi- 
ciently thick to be .substantially imper- 
meable to said radioactive gas^ means be- 
ing also provided for sealing the remain- 

55 we stirface or .surfaces- of said core 
against escape of said radioactive gas. If 
desired, . this thin radioactive product 
may be bonded to a backing sheet or strip, 
adTantageousIy. of metal, to provide it 

60 ^th mechanical sujpport^ ©nd which may 
also act as an emanation shield, so as to 
limit tihe angular -width of the emitted 
beam of -alpiha. particles. (The term 
" emanation " is used throughout this 

65 specifica,tion to denote all the products 



emitted in the course of the radioactive 
piocesSi and not^ as is oft^n the case, to 
denote merely the gaseous disintegration 

products.) 

The core of the new product most 70 
advantag-eously is a metal film and pre- 
ferably a film of noble metal such as gold 
or platinum- A film of gold or other metal 
composed of pressed metal iK>Tvder is 
especially satisfactory becaxise sudh films 75 
are conveniently fabricated to incorlX)rate 
the radioactiv© substance homogeneously 
or uniformly dispersed therein. 

The radioactive substance may be 
a radioactive element, but most con- 80 
veniently is a salt of such element, for 
example, a salt of radium such as radium 
sulphate or radium bromide. _ - 

The sealing film serves primarily to 
prevent the escape of gaseous disintegra- 85 
tion products of the radioactive substance 
incoripora.ted in the base structure. It may 
be cam]:)osed of .any material capable of 
forming a sufficiently thin film 'svhich yet 
is sufficiently continuous to perform this 90^^ 
sealing function, viz. to be impermeable 
to the radioactive gas. Organic film-form- 
ing compounds, such as various plastic 
comiK)sitions, Trill serve ns the sealing 
film material, but it is usually better to 95 
employ a material which is more resistant 
than organic compounds -to - emanations 
from radioactive substances. Non-metallic 
ijiorganic films, such as a thin film of 
fused silver chloride, perform sar-sfac- 100 
torily and may be used. Generally, how- 
ever, a metallic sealing film, and prefer- 
ably a noble metal- sealing ' film of the 
same metal as that comprising, the core, 
-will be found most satisfactoiy. . 105 

When, as is generally the case, the.oore 
is in .the form of a thin ribbon or filmj.it 
is desirable to apply the sealing .film to 
both Burfa<i.es of the l>ase structure film. 
This is not always necessary however. 110 
Por example, if the core is to be mounted 
on St relatively heavy backing strip, .it is 
not piecessary^ in. order to prevent radon 
loss- through the back that a sealing film 
be applied to that surface of the . cotb 115 
which is to be bonded to tftie bacldng. 
K'evei'theless,. if the backing strip is of 
metal (such as silver) different from that 
of the core (such as gold), it is preferable 
that a sealing layer of suitable non-radio- 120 
active metal (such as gold) be interposed • 
between the .radioactive core and the 
backing to prevent migration of radium 
or its products into the backing when the 
material is employed at fliigh . tempera- X2d 
Lures. 

The combined thickness of the base 
structure (core) .and the sealing. . film 
through which the alpha particles are to 
pass is made no greater than- can be pene- 13G 
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tra.ted by alpha articles having tlie maxi- 
inum energy with wjhich the radioactive 
substance emits them, so as to attain, effi- 
cient emission of alpha particles from the 
5 metal product. Eor optimum alpha 
particle emission, the core and sealing 
film combined should be thin enough to 
be penetrable by alpha particles possess- 
ing the average energy -wxih. which thev 
10 are emitted by the radioactive substance 
employed. The metal product will emit 
olpha particles, however, so long as Ihe 
sealing film alone is permeable to alpha 
particles, viz., is of a thickness less than 

16 that which can be penetrated by alpha 
particles having tlie maximum energy 
witli whidh the radioactive substance 
emits them. 

In the case of the metals that are most 

20 satisfactory for use in making the new 
metal product, such as gold and other 
noble metals, the maximum thickness of 
the bsise structure and sealing, film com- 
bined generally should not exceed 

26 approximately & microns, and advantage- 
ously does not exceed approximately 4 
microns, with th© core contributing 
approximn.tely l- to 2J microns to the total 
thickness and the sealing- film contribut- 

30 ing approximately i to li microns. 

By making the sealing film of a 
material which is substantially con- 
tinuous and free of -any radioactive sub- 
stance, it is effective in preventing the 

35 escape outside the metal of any appre- 
ciable amount of gaseous disintegration 
pix)ducts of the radioactive process, even 
though it be of the thickness necessary to 
permit the passage of alpha j>^rticles 

40 emitted in. this process. Sealing fihns 
^bhicker than specified above also are effec- 
tive for preventing escape of radioactive 
gas, a.nd may be employed if alpha- 
particle emission from the metal product 

45 is not required. Tor example, if a foil 
product that emits only beta particles and 
gamma radiation is desired, the sealing 
film, or the core, or both, may be substan- 
tially thicker than above indicated, and 

50 the sealing film will still perform the 
useful function^ with the above-stated 
advantages, of preventing esciipe of radio- 
active gas. 

If a backing sheet or strip is employed 

56 to support the thin product, it is usually 
soOieavy as to effectively prevent emission 
of alpha, particles from the surface to 
which it is bonded. In such case there- 
fore, if a sealing film is tapplied to both 
flO sm*faces of the core film before bonding 
the resulting composite film to the back- 
ing, the thickness of the sealing' film be- 
tween the base structure and th© backing 
is of no great consequence, and iti may 

65 appreciably exceed the thickness indi- 



cated above. In. such case, only the thick- 
ness of the coi-e film and the s.ealing film 
on its exposed side need be as thin, as 
indicated for efiicient alpha-particle emis- 
sion. 70 

Any material capable of providing the 
degree of support desired for the thiu 
metal foil product described above may 
be used as a backing. Silver is especially 
satisfactory for this purpose. Corrosion- 75 
resistant metals such as copper, nickel 
and stainless steel are also well suited for 
backing purposes, but other backing 
materials, metallic or non-metallic, may 
be used if desired. The tttiin composite 80 
radioactive foil may be secured to the 
backing by any conveutional metbod, 
such, for example, as by soldering, braz- 
ing or welding, or by the use of aa adhe- 
sive. 85 

The invention provides a method for 
making thiu i-adioactive metal products, 
as described above, preferaWy using* 
metal powders. In accordance with this 
method, a metal powder such, as gold 90 
powder and a finely-divided, radioactive 
alpha-particle-emittiug substance aucli as 
a i-adiura salt are uniformly mixed to- 
gether. The radioactive substance advan- 
tageously constitutes about 1'.% to about 95 

ty weight of the mixture. The 
powder mixture is pressed and siutered 
into a compact mass, and if desired, it 
may then be compacted somewhat more 
by a rolling operation. A layer of metal 100 
substantially free of radioactive material 
is applied to a surface of the compiacted 
mass, or advantageously the compact is 
sandwiched betweejx layers of suob metal. 
The resulting composite stiiicture or 105 
sandwich then is reduced by rolling or 
other metal-working operation, to a thick- 
ness no greater than can be penetrated by 
alpha particles having the maximum 
energy with which they are emitted by 110 
the radioactive substance. The layer of 
^sealing metal may be bonded ta the core 
compact by weldinnr or otherwise before 
the composite is reduced in thickness, or 
the metaU-wdrking operation may be ll5 
carried out at an. elevated temperature 
biglh enough so that at the pressure 
aipplied the several layer.s of metal are 
firmly and permianently bonded together. 

In an. advantageous embodiment of 120 
this method, a bacldng metal is applied 
and bonded to the composite of core and 
sealing metal.s, preferably after the com* 
posite ha.s been reduced substaiitially in 
thickness but before it has been, reduced l25 
to its final thidmess. The c-omposite and 
barking metals then may h& rolled to- 
gether sufficiently so as to reduce the com- 
posite component and other laTers t^o the 
thicknesses specified. * 130 
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The radioactive metal product herein 
described serves admirably as the ftmda- 
mental element of a device for eliminat- 
ing: static cQiarges Trherever their accumii- 
5 latioa interferes with normal or desired 
opera.tion. Such charges, for instance, 
accumulate on webs or sheets of paper in 
patper-maldng-, -fabricating- and -printing; 
operations ; on traveUing' webs of cloth in 
10 the textile industry; and on plastic 
materials in operations involving their 
manufacture and use. The laccumulation 
of static charges may constitute a fire 
hazard, because the i>otentia.l of tho 
15 charge may become sufficient to 
cause a spark capable of ignit- 
ing the inflammable- material on 
which the charge accumulates, or of 
igniting other inflammable ' material 
20 nearby. Such static charges also often 
cause sheets of material to adhere to each 
other or to other objects. * 

A deWce for eliminating such static 
cfliarges based on the radioactive metal 
25 product described herein may comprise a 
narrow strip of the radioactive metal pro- 
duct, advantageously supported' by a 
backing strip and of a length about equal 
to the width of the web from whidh static 
30 charges are to be eliminated. The strip 
is mounted fairly close to the web, but is 
spaced therefrom by a short distance of 
the order of an inch or so, and it extends 
transversely across the web. Since the 
35 radioactive metal product emits alpha 
particles efficiently, it is highly effective 
for ionizing the atmosphere between it 
and- the web with safety, and static 
charges tending to accumulate on the w^eb 
40 are neutralized and discharged in conse- 
quence of this ionization.^ 

If desired, the radioactive strip nmv 
i>e mounted 5n. the hollow of a channel, 
demi-cylinder, or offiier shape which, is 
45' thick enough to. prevent the pa^ssage of 
afpha particles. In this manner the effec- 
tive beam of emitted alpha particles may 
be cbnfiiied to a particular direction 
(determined by the direction in which tibe 
60 open side of the channel faces). Tlio 
angular width of ihe effective beam may 
be controlled iby suityable choice of the 
depth of the dmnner flanges relative to 
the wi^th of the radioactive strip, and 
65 other factors affecting the geometry of 
"assembled sitructure. 

The following description of the manu- 
facture of a radioactive foil will afford a 
b'etter 'understanding' of the invention, 
60 although it is undcxstood that the inven- 
tion is • not speciflcally ' limited to the 
embbdiinents described below. 
• In tha follocwing description reference 
is made to ihe accompanying drawings, 
65 in whi<^ 



Figures I to 6 show schematic cross-sec- 
tions through various forms of the new 
radioactive metal product; 

Figures 6 'to 9 show various forms of 
backing for limiting the angular width of 70 
the aJplka particle beam emitted from tho 
-radioactive metal product ; and 

Figure 10 shows diagrammatically tho 
relation in which .a. static eliminating 
device according to the invention may be 75 
mounted relative to a traveUing web of 
sheet material. 

Oenerally the first step in the manu- 
facture of the radioactive metal product 
is the preparation of the material for the 80 
radioactive core or base, structure. 
Various procedures may be employed for 
this purpose. For example, a metal sheet; 
or strip may Qiave u very thin layer of a 
radioactive element or compound de- 85 
posited on it by electrodeposition, by 
sputtering or evacuation in vaouum, or by 
other means, and the deposit then may be 
caused to diffuse into the underlying 
metal by heating to an elevated tempera- 90 
ture for a sufficiently long period of 
time. A more satisfactory method is to 
mix the radioactive substance, in finely 
divided form, uniformly with a metal 
powder of the composition desired. 95 
Numerous metal powders are available 
and may be used, such as copper powder, 
nickel powder, tungsten powder, or alloy 
powder such as brass powder. Ordinarily, 
however, a noble metal powder such ad 100 
gold or platinum powder or a gold- 
platinum alloy powder is preferred. 
Noble mettals are virtually unaffected by 
the emanations of radioactive substances, 
they are higihly resistant to corrosion and 105 
chemical atta ck, and they are very easily 
worked. While noble metal powders, are 
costly, the amount of the thin radioactive 
metal foil used per , unit area is very 
small, and the cost of the metal therefore 110 
is not a very large factor in. the cost of 
the product. ' /' i * 

For a metal product that emi^ alpha 
particles, tOie radioactive substance 
employed is" of coiirse one. which . emits 115 
alpha particles in the "course of its radio- 
active disintegration. A radioactive.ele- 
mmt of this character may be employed 
as such, but production of the radioactive 
elements in elemental fprin is difficult 120 
aaid accordingly it is most convenient to 
employ a salt or other compound of a radio- 
active element. Salts of ra4itim, such as 
radium chloride, radium bromide, or 
radium sulphate, are readily prepared in ]25 
finely divided form and are. especially 
advantageous substances to'oise. Any suit- 
able alpha-emitting substances including 
salts of other radioactive elements may 
-also be used. " 130 
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Hesides tk© foregoing' elements, "wikich 
are normally radioactive, it is .possible to 
employed elements and compounds which 
are not njormaUy radioactive bait in Avhich 
3 radioactivity has been artificially in- 
duced. For example, radioactive forms of 
i>arbx>7i hxbve been prepared and may be 
used as the radioactive substance, especi- 
ally those forms that emit alpha particles. 
10 Also compounds such as common salt 
(sodium chloride) have been rendered 
radioactive, and such compounds (as "well 
as compounds prepared from elements in 
which radioactivity has been artificially 
15 induced) may be employed as the radio- 
active substance. 

The proportions of radioactive sub- 
stance and metal poT^der used in prepar- 
^ ing* the mixture may be varied over wide 
^0 limits, and in g'eneral will depend xtpon 
how intense a degree of radioactivity is 
desired. Ordinarily, however, the radio- 
active suhstance should constitute a.ti. 
lea^jt .1.%, by weig'ht of the mixture. 
26 Where intense radioactivity is desired, 
as much as 12% by weight of the mixture 
may be made up of radioactive saltj and 
even higiher percentages may sometimes 
be used within the limit of forming a co- 
30 hesive and workable compact with the 
uietal powder. 

The mixture of metal powder and 
radioactive salt, or other radioactive sub- 
stance, is subjected to high mechanical 
35 pressure of the order of 30 tons per square 
inch, to compact the powders and form a 
cohesive mass, ^he compressed mass, 
while cohesive, is very fragile, and it 
therefore is next subjected to a sintering 
40 operation involving heating it at approxi- 
mately C. for approximately one- 
half hour. When well-purified^ gtold 
powder is used, no harm is done to tihe 
pressed mass by introducing it directly 
45 into an oven at the sintering temperature 
of 950" C. If, however, impure powder is 
used, occluded gases may be driven off dur- 
ing sintering and raise blisters on the 
pressed mass unless the sintering opera- 
50 taon. is conducted carefully. In such case, 
it is best to heat the pressed mass very 
slowly (over a period of several hours) to 
the final sintering temperature^ and theu 
to hold it at this temperature for |r hour 
55 to 2 hours. Tihe compact-ed mass after 
sintering is quite strong and may be 
handled Tvithout fear of breakage. 

The 8in.tered compact is next rolled to 
reduce its thickness and increase its den- 
60 ai/ty. After some reduction in thickness 
has been affected, it is wrapped in a sheet 
of suitable metal containing no radio- 
active substance, and the resulting sand- 
wich is further rolled to reduce the thick- 
06 ness of both the sintered compact and the 



metal wrapping, which, in the finished 
product, forms the sealing; film. Alter- 
natively the sintered compact, before be- 
ing rolled at all, may be wrapfped in the 
metal and may be subjected to its first 70 
rolling operation only when thus en.- 
closed. 

Various metals may be used for the 
wrapping. Noble metals, especially gold, 
aud platinum, are particularly suitable ^5 
for this purpose, for the same reasons 
that make tihem aidvantageous for the core 
metal. Other metals, however, such as 
copper, nicJiel, tin or chromium, or alloys 
suoh as brass, bronze or platinum-gold 
mt\y be employed successfully. 

Advantageously the thickness of the 
gold or other metal wrapping sheet is sub- 
stantially less than the thickness of the 
sintered comi^aot, but it must not be so ®^ 
thin that in the finished product it doe9 
not form a continuous sealing film, imper- 
vious to the radioactive g'as. A wrapping 
approximately 1/10 the thickness of the 
compact generally is satisfactory.' ^0 

In lieu of mechanically applying tlie 
sealing metal as a separate sheet, by 
"wrapping about tihe core or other\vise, it 
may be electrodeposited on the radio- 
active core metal, either immediately 
after sintering or after preliminary roll- 
ing of the core following sintering. There 
is no particular difiiculty in applying the 
sealing metal by electrodeposition, and 
any electroplating bath and technique 
suitable for the sealing metal to bo 
applied (gold, i^latinmu, nickel, copper 
or chroinium, for example), using soluble 
or insoluble anodes, may be employed.. 
After a layer of sealing metal of desired 106 
thickness has been electrodejwsited on 
the core, it is sometimes advantageous to 
heat the resultijig metal product to an 
elevated temperature (say 950' C.) for a 
.sufficient period of time (say i hour) to 110 
eliminate thydrogen ivhich often accumu- 
lates in xaidesirably large amounts in 
electrodepositetd metal and, if not elimi- 
nated may make it difiicult to roll the 
product. 116 

The rolling operation may be carried 
out at room temperature, or at a higher 
temperature if desired. The radioactive 
substance incorporated in the sintered 
compact constitutes an impurity which 120 
reduces the ductility of the gold, and it is 
therefore usually necessary to anneal the 
product periodically during rolling 
(generally after each three or four 
posses througih the rolls when the rolling ^25 
operation is conducted at room tempera- 
ture). Annealing is effected by heating 
the product to approximately 800 to 900** 
0. The combination of rolling and' 
annealing steps contributes to firmly gtnd 130 



6 



6363338 



permanently bonding' the outer layers of 
inetal to tlie core metal, especially when 
the outer layers have been applied by 
simply wrajpping them about the core 
5 metal. . - " 

Holliag-, with intermediate anneals, 
ma.y be continued until the total thiclt- 
ness of ihe product- has been reduced to 
approximately .002 inch. This is a con- 
10 Tonient thickaess at which to apply the 
bacHiig- sheet or strip. Owin^f to the 
estremje thinness of the product in its 
finished form, a fairly heavy backing 
. strip almost always is necessary to pro- 
15 vide support for handling. Silver is a 
particularly advantageous metal to 
employ for backing- purposes although 
otiher metals such asi copper, or nickel, 
may be employed, if desired. 
20 The rolled product advantageously is 
initially bonded to the backing metal by 
welding under pressure. For this purpose 
the foil and backing metal, suitably 
cleaned, are pressed together with a force 
25 of .approxiniately 5 tons per square inch 
while heated electrically or otherwise to 
a welding temperature. After welding 
the rolled product to the backing metal, 
the assembly is further rolled to reduce 
30 the. radioactive component to the required 
thinness. As above indicated, rolling 
should be continued until the total thick- 
ness of the radioactive metal core and the 
exposed sealing film, is no greater than 
35 . can be penetrated by alpha particles hav- 
ing the maximum energy with which 
they are emitted by ihe radioactive subs 
stance employed, and preferably to a 
f)iT>*lcT>ftM slight enough, to be penetrable 
40 by alpha particles haying the average 
energy with which such subst-ance emits 
theon. The thickness of the backing 
metal, aii? tih© time the xoUed radioactive 
i>roduct is welded to it, should be such 
45 that in the final rolled product the back- 
ing metal is still sufficiently thick (say 
approsrmately 0.010 inch) to provide 
effective supiport. If the rolling opera- 
tion: reduces the backing metal to a thick- 
50 ness less [than this, a further layer of 
backing metal of adequate thickness may 
be appUed by welding or otherwise. 

The radioactive metal product made as 
described above , is illustrated (without a 
65 backing). in Figure 1, which shows the 
coT& X ol pressed metal powder and radio- 
acii^ve substance sandwiched between the 
sealing filtn 6r films 2, 2a. A fragmentary 
cross-section through a stru6ture of this . 
60 type bonded to a backing 3 is shown in 
Kgofe 2. Figure 3 shows, a modified 
straetnre in which the sealing film 2 is 
bonded to one surface of -tihe radioactive 
core 1, and it bfeing assuxaed that any 
65 suitable means of which several are here- 



in described may be employed to seal the 
other surface. Figure 4 shows a foil of 
the structure of Figure 3, bonded to a 
backing 3. Figure 5 shows a fragmentary 
cross-section thi'ough a wire structure in 70 
which the radioactive core wire 4 is en- 
closed in a sealing sleeve 5 substantially 
free of radioactive material. 

Figures 6 to 9 illustrate how tihe back- 
ing layei^ (or a second separate backing 76 
or supporting element) may ^ be con- 
figured to limit the angular width of a 
beam of alpha particles emitted from a 
strip of radioactive foil (or from a radio- 
active wire) made as herein described. 80 
Figure 6, for example, illustrates how a 
flat backing 6, at least as wide as the foil, 
limits the angular width alpha of the 
effective beam 180" . Figiires 7. and 8 show 
channel shaped backing elements (of con- SB 
ventional channel cross-section 7 _ as in 
Figure 7 or in the form of a longitudin- 
ally sectioned tube 8 as in Figure 8) 
w^hlch limit the angular width of the 
alpha particle beam to something less 90^ 
than 180\ A deep channel backing ele- 
ment 9 as shown in Fig-ure 9 ma^y be 
employed if a beam of narrow angular 
width is required. The backing elements 
in all of the structures shown in Figures 95 
6 to 9 are, of course, thick enougih to be 
impenetrable by alpha particles of even 
the maximum energy with which they 
are emitted from the radioactive foil/ so 
as to confine the effective emitted beam of 100 
these particles to the desired angular 
width- 
Figure 10 illustrates diagraanmatically 
a static eliminating device according to 
the invention (which (advantageously 105 
consists essentially of a long narrow strip! 
10 of the new radioactive metal product 
mounted on a backing and supporting 
element 11 of the character shown in 
Figures 6 to 9) mounted for eliminating il5 
static charges that accumulate on a web 
of travelling stheet material *1S. The static 
eliminating device extends transversely 
of the web, and . preferably completely 
across its width. It is spaced an inch, or 120 
so from the web, with the beam of emitted 
alpha particles directed toward the web. 
The alpha particles ionize the atmosphere 
between the radioactive foil and the web, 
and static ciharges accumulated on tho 125 
web are neutralized or discharged as the 
web passes over or under this region of 
ionized atmosphere. The spacing between 
the web and the static eliminating device 
should not exceed about three inches, as 126 
this is the ma^simxim distance in air at 
ordinary atmospheric pressure at whicih 
the alpha particles emitted frona. a 
radiiim-metal foil of the character here- 
in described are effective for ioiiiziJig the 130 
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air. Optimtim ionization of the air for 
static elimination purposes occnrs -within 
an inch or less of the foil, and accord- 
ingly it is desirable to mount the static 
5. eliminatonvith tihe exposed surface of the 
foil no farther tliaji this from the Tveh. 

It is evideat that instead of the weh of 
sheet material travelling over a sta- 
tioaary static eliminator, the static 
10 eliminator may be moved over a sta- 
tionaxy sheet. It may be set up to be 
moved mechanically, or it may be hand 
oiK^raied as a wand . It also may be af 
other physical form fihan a thin rihbon — 
16 for example, it may he in the form of a 
broad sheet, and may be flat or curved. 
The radioactive element may cover a con- 
tinuous surface expanse of the bdcldng* 
structure, or it may be arranged thereon 
20 as a series of spaced strips, triang-les, 
squares, circles, or other shapes. The 
alpha particles emitted from the foil 
diverge unless confined by a shield of 
some sort, so even when the foil is discon- • 
26 tinuons on the backing, the separate foil 
pieces may be arranged so that the alpha 
l>article density in the atmosphere a short 
distance from the plane of the foil is sub- 
stantially uniform. 
3Q It is also evident that the web itself 
may be thin and continuous, as is usually 
the case with paper or sheet plastic 
material, or it may be reLa-tively thick and 
discoutinuous, as are the rovings and bats 
35 encountered in textile mills. 

Another advantageous use of the new 
product is to eliminate static charges on 
the parts of analytical and other balances, 
the accurate operation of which is 
40 affected by such charges. A foil or wire 
prepared in accordance witih the inven- 
tion, wiiih 01- without a hacking, may be 
mounted near the pans, or beam, or both, 
whereever objectionftble static charges 
45 might accumulate, to eliminate such 
charges. 2^'umerous other similar uses of 
the new product axe apparent. 

Hadioactive metal products prepared 
;is abovf> described with a thin., con- 
50 tinuous sealing film substantially free of 
any radioactive substance over ti^e radio- 
active core give off virtually no nadio- 
active gas. Their use therefore will not 
result in -contaminating the surrounding 
55 ^.tmosphere with these highly poisonous 
gases. Morover, by retention of the 
radioQctive gas within the core, the radio- 
active effects of its oiwn disintegration, 
and of the disintegration of its products, 
60 axe preserved for use in the environna.ent 
in which the metal product is employed. 

T^ie e»ffect of the sealing film in retain- 
ing the gaseous disintegration products 
in the core makes the use of such film 
65 advantageous even in those instances 



\vhere the thickness of the" sealing film 
alone, or of the sealing film and metal 
core combined, iis greater than can be 
penetrated by any alpha particles emitted 
by the radioactive substance. Such tihick 70 
metal products, of course^ will not emiD 
alpha particles, but for uses where beta- 
particle emission and gamma radiation 
are all that are required of the foil, the 
sealing film, even though thicker than 76 
above specified, still is advantageous and 
prerforms the highly useful functions of 
preventing* contamination of the sur- 
ro\uiding atmosphere with a, radioactive 
gas and preserving within the metal the 80 
radioactive energy of the gas and its dis- 
integration products. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion, and in what manner the same is to 85 
be performed, we declare that what we 
claim is ; — 

Q.. The method of making a radioactive 
metal product which is substajitially 
proof against leakage of radioactive g^ia 90 
vrhich comprises, uniformly admixing a 
finely divided metal and u finely divided 
radioactive alpha-particle-emitting sub- 
stance, pressing anid sintering the result- 
ing mixture into a compact, applying a 95 
sealing layer of metal substaaitially free 
of radioactive miaterial to a surface of 
said compact, bonding a relatively thick 
metal backing member to the opposite 
surface of said compact, and rolling the 100 
resulting product until the thickness of 
said sealing layer is no greater than can. 
be penetrated by alpha particles having 
the maximum energy witih which they are 
emitted by said radioactive substance. 105 
• 2, The method of making a rsidio- 
active metal compact in accord- 
ance with, claim 1 which includes, 
sandwiching the compact between 
layers of a metal whidi is substan- 110 
tially free of radioactive material, roll- 
ing the sandwich to reduce the thickness 
thereof and to bond the several layers to- 
gether, then applying a relatively thick 
layer of backing metal to the resulting 115 
bonded sandwich, and rolling the saxLd- 
Tvich and backing metal together uutil 
the compact and the layer of the saoid- 
"wich component which is opposite said 
backing are of a iihickness no greater than 120 
can be penel^ated by alpha particles hav- 
ing the ma;zimum energy wiiJi which 
they are emitted by said radioactive sub- 
stance. 

3. The method of making a radioactive 126 
metal compact in accordance with claim . 
1 which includes, wrapping said, com- 
pact in a sheet of non-radioactive malle- 
able metal of a thickness substantially 
one-tenth that of the compact to form a 130 
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sandwicli, rolling said sandwidi succes- 
sively fimtil tlie thickness thereof is of 
the order of twc-thousandths of an inch, 
aiinealing said gandwich periodically be- 
5 tween said rollings by heating to substan- 
tially 800 degrees to 900 degrees C, eld- 
ing said rolled sandwich to a metal back- 
ing' member considerably thicker than 
said sandwich and rolling said sandwich 

10 and metal bacldng member together until 
the thidniess of sandwich component 
does not exceed substantially 5 microns. 

4. The method of making a radioactive 
metal compact in accordance with^ claim 

16 .1 wlhich includes, electrodepositing on 
said compact a layer of non-radioactive 
malleable metal of a thiclmess less than 
thait of the compact to form a sandwich, 
(beating said sandwich at an elevated 

20 temperature for a period sufficient to 
drive off hydrogen accumulated during 
said electrodeposition, rolling said sand- 
wich successively until the thickness 
thereof is of the order of iwo-thou&andths 

26 of an inch, annealing said sandwich 
periodically between said rollings by 
heating, bonding said rolled sandwich to 
a metal backing member considerably 
thicker than said sandwich, and rolling 

30 said sandwidh and backing member to- 
gether until the thickness of the saudwich 
component is no greater than can be 
penetrated by alpha particles having 
the maximum energy with which they are 

35 emitted by said radioactive substance. 

I5', A radioactive product comprising a 
core containing a radioactive substance 
which emits alpiha particles and eman^ates 
a radioactive gas as a disintegration pro- 

40 duct, and a continuous thin sealing film 
substantially free of radioactive material- 
bonded to a surface of said core, said 
sealing film being sufficiently thin to be 
liermeable to said alpha particles and 

46 sufficiently thick to be substantially 
impermeable to said radioactive gas, 
means being also provided for sealing the 
remaining surface or surfaces of said core 
against escape of said radioactive gas. 

50 6. A radioactive product according to 
claim 5, characterized in that the core is 
of thin metallic materiail having a radio- 
active alpha^particle-emitting substance 
uniformly dispersed therein, the com- 

65 bined thickness of said core and of said 
sealing film being no greater than can be 
penetrated by alpha particles having the 
maximiim energy with which they are 
emitted by said radioactive substance. 

fiO 7. A radioactive product in accordance 
. with claim 6, characterized in that said 
core comprises a thin metallic film hav- 
ing a radioactive alpha-particle-emitting 
substance xmiformly dispersed tiherein, 

g5 said sealing film is comprised of a. malle- 



able metal substantially free of radio- 
active material and which is bonded to a 
surface of said metallic core film, the 
combined thickness of said core film and 
of said sealing film being no greater than 70 
can be penetrated by alpha particles hav- 
ing the maximum energy with whi<ih 
they are emitted by said radioactive sub- 
stance, and a relatively thick backing 
member is bonded to one of said films and 75 
provides support for both of said films in 
addition to constituting a portion of said 
gas-sealing means. 

S. A radioactive product according to 
claim 5, characterized in that said seal- 80 
ing film completely surrounds and is 
bonded to said core, the thickness of said 
sealing film being less than the depth of c 
penetration therein of alpha particles 
having the maximum energy with which 85 
they are emitted by said radioactive sub- 
stance. 

9. A radioactive product according to 
claim 5, characterized in tihat said core is 
sandwiched between thin substantially 90 
continuous metallic gas-sealing films sub- 
stantially free of radioactive material, 
(be combined thickness of said core and 

at least one of said sealing films being no 
greater than can be penetrated by alpha 95 
particles having the maximum energy 
with which they are emitted by said 
radioactive substance, and a relatively 
thick backing member is bonded to at 
least one of said films smd provides sup- IQO 
port for said sandAvich. 

10. A radioactive product according to 
claim 7, ciharacterized in that both of said 
films are comprised of gold. 

U. A radioactive product acconding to 105 
any of claims 5 to 9, inclusive, character- 
ized in that said core comprises a thin 
film substantially ^ micron to 2h microns 
in thickness composed of gold having', a 
radioactive substance uniformly incor- IIU 
porated therein, and said sealing film 
comprises non-radioactive gold substan- 
tially micron tp l^ microns in thickaess 
bonded to at least one surface of said core 
fibn. 116 

12. A radioactive product according to 
claim 11, characterized in that said core 
film is comprised of compressed gold 
powder uniformly admixed with substan- 
tially 1% to 121% by weight of a finely 120 
divided radioactive substance sandwicbed 
between thin gold sealing films wihich 
are substantially free pf radioactive 
material. 

13. A radioactive product according to 125 
claim 5 or 6, characterized in that &aad 
core comprises a film of noble metal hav- 
ing an alpha-particle-emitting radium 
compound unifoimly dispersed therein, 
said sealing film is of noble metal subs 130 
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Btantially free of radioactive material 
boaded to a surface of said core film and 
constitutes the alpha-particle-emitting- 
front of said product, the combined thick- 
6 uess of aaid two films being' no greater 
than can be penetra.ted by alpha particles 
having the maximum energy with AvQiich 
they are emitted by said radinm com- 
pound, a backing and supporting member 
10 is positioned at the back of said core film, 
said member being greatly thicker than, 
said core and sealing- ^ms together and 
being' of a metal different from that of 
said core film such that radium may tend: 
15 to migrate from said core film into said 
member, aaid a layer of radium-imper- 
vious me<tal substantially free of radio- 
active material is intei'posed between and 
lx>nded to said core film and said backing 
20 member so as to constitute a radium-seal- 
ing layer and a bonding agent between 
said core film and said backing member. 

14. A radioactive product according to 
claim 13, characterized in that said noble 
25 metal of the core film and of the sealing 
film is comprised of gold, said backing 
member comprises silver, and the layer of 



radium-impervious metal interposed be- 
tween the gold core film and the silver 
backing member comprises gold which is 39 
substantially free of radioactive material. 

15. A radioactive product according- to 
one or more of claims 7, 9 and 10 — 14, 
inclusive, chjaxacterized in that said 
btELckin^ member is sufficiently thick to 35 
support said core and sealing films and to 

be impenetrable by said emitted alpha 
particles and by said radioactive g<as and 
is provided with flanges so deep as to 
limit the angular width of the beam of 40 
alx>ha particles emitted from the emitting 
surface of aaid product to substantially 
less than 180 degrees. 

16. I\he hereinabove described method 
of making a radioactive product. 45 

17. A radioactive product substantially 
as and for the purpose described. 

Dated this 15th day of March, 1947. 
CBTJIKSHAJNTK & PAIBWEATHEB, 
2i9, Southampton Bxiildings, 
Chancery Lane, London, W.C.2, and 
29, St. Vincent Place, Glasgow, 
Amenta for the Applicants. 
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